Background. Thrombophilia has been implicated in the development of avascular necrosis (AVN) in various diseases. We aimed to search for the relation of both prothrombin gene G20210A mutation and factor V G1691A (factor V Leiden) mutation with AVN among kidney transplant recipients. Methods. Nineteen patients with AVN and 38 control patients without AVN were included. Clinical information was collected, and gender, age, type of renal allograft, duration and type of dialysis, presence of acute rejection, and cumulative doses of ciclosporin and corticosteroid administration were taken into consideration. Genotypes of factor V G1691A and prothrombin G20210A were determined by direct sequencing of genomic DNA. Results. Factor V Leiden mutation was detected in six patients (31.6%) among patients with AVN and in only three patients (7.9%) in the control group (P ¼ 0.048). Two patients (10.5%) in the AVN group were determined to have prothrombin G20210A mutation, while no prothrombin G20210A mutation was detected in the control group. When both of the mutations causing thrombophilia were considered, a total of eight patients (42.1%) in the AVN group and three patients (7.9%) in the control group were identified (P ¼ 0.004). Conclusion. Thrombophilia seems to be an important risk factor for development of AVN. More studies are needed to clarify the role of factor V G1691A and prothrombin G20210A mutation for AVN.
Introduction
Avascular necrosis (AVN) of the femoral head is a rare, debilitating complication seen after kidney transplantation and its aetiology remains unknown, although several mechanisms have been proposed. Impaired blood flow, caused by arterial ischaemia and/or venous thrombosis, leading to ischaemic necrosis in some parts of the femoral head contributes to the pathogenesis of AVN. Several studies have reported the role of heritable thrombophilia in the pathogenesis of AVN [1, 2] in addition to the known risk factors such as steroid use, calcineurin dose and bone metabolism. These studies included systemic lupus erythematosus (SLE) and sickle cell anaemia, which are the most commonly associated diseases for the development of AVN [3] . In this respect, we aimed to study the frequency of the prothrombin gene G20210A mutation and factor V G1691A mutation (factor V Leiden) in our patients with AVN to determine whether or not these mutations can be the causative factor for the development of AVN in kidney allograft recipients.
Subjects and methods

Study design
From 1993 to the present, 243 patients have undergone renal transplantation at the Ankara University School of Medicine. Among these patients, 22 who were diagnosed to have post-transplant AVN at our clinic were selected as the study group. As three patients were lost to follow-up (missing completely at random) and excluded, a total of 19 patients were available for the study. The control group was comprised of patients who underwent transplantation just before and after each selected post-transplant AVN patient, for a total of 38 patients. AVN was diagnosed on the basis of symptoms and magnetic resonance imaging (MRI) study. All patients had symptoms (pain), they were on late stage of AVN (stage 3-4) and underwent to surgery.
There was no occult AVN in the group. No MRI investigation was performed for the control group and they were all asymptomatic.
The local Ethics Committee of Ankara University School of Medicine approved the study and all patients gave informed consent. Gender, age at the time of transplantation, type of renal allograft (cadaveric or living), duration and type of dialysis, cause of renal disease, duration of postoperative care, presence of acute rejection, the immunosuppressive drug used, the number of pulse steroid therapies and comorbid diseases (hypertension or diabetes mellitus) were evaluated in all patients. Serial biochemical determinations were recorded for serum calcium, phosphate, alkaline phosphatase, haematocrit value, platelet count, cholesterol and triglyceride levels at post-operative 1, 3, 6 and 12 months, and then annually up till the point of AVN occurrence. The mean levels of these parameters were determined and used for the analyses. The mean dose of steroid and ciclosporin (CsA) for post-transplant 3 months and the mean cumulative dose of steroid and CsA from the beginning to time of AVN were included in the analyses in AVN patients. The same analyses were also conducted for the control group.
Assays for genotyping
For genetic analysis, we obtained venous blood in EDTAtreated sample tubes, from which cells were separated by centrifugation at 3000xg for 15 min. The buffy coat layer was then removed and stored at À708C pending DNA extraction by standard techniques. Factor V G1691A and prothrombin G20210A polymorphisms were determined in patients by polymerase chain reaction (PCR) amplification and digestion with MnII and HindIII, respectively [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] .
Statistical analysis
SPSS version 11.5 for Windows (SPSS Inc., Chicago, IL) was used for data analysis. All numerical data were expressed as mean AE SD. Comparisons were performed between AVN group (n ¼ 19) and their controls (n ¼ 38) using unpaired t-test for quantitative variables, and Fisher's exact test for the frequencies of qualitative variables. Bonferroni correction was applied for multiple tests. P < 0.05 is considered significant. Power analyses were also performed. For prothrombin G20210A, group sample sizes of 19 and 38 achieve 81% power to detect a difference of 29% between the null hypothesis that both group proportions are 30% and the alternative hypothesis that the proportion in group 2 is 1% using a one-sided Fisher's exact test with a significance level of 2.5%. For factor V Leiden, group sample sizes of 19 and 38 achieve 81% power to detect a difference of 34% between the null hypothesis that both group proportions are 39% and the alternative hypothesis that the proportion in group 2 is 5% using a one-sided Fisher's exact test with a significance level of 2.5%. Serial biochemical determinations including serum calcium, phoshorus, alkaline phosphatase, haematocrit value, platelet count, cholesterol and triglyceride levels at post-operative 1, 3, 6 and 12 months, and then annually up till the point of AVN occurrence were compared with repeated measures ANOVA.
Results
Demographic features of the study population and controls are given in Table 1 . There were no statistically significant differences in any of these variables between the two groups.
The causes of end-stage renal failure were unknown in nine (47.4%) and 21 (55.3%), chronic glomerulonephritis in four (21.1%) and six (21.1%), chronic interstitial nephritis in three (15.8%) and nine (23.7%), polycystic kidney disease in two (10.5%) and one (2.6%), and hereditary nephritis in one (5.3%) and renal amyloidosis in one (2.6%), in patients with AVN and the control group, respectively. The aetiologies of renal diseases were not different between transplant patients with AVN and without AVN (P > 0.05). No patient had a history of SLE, sickle cell disease, previous history of bone fracture, venous thromboembolism and alcohol abuse in both AVN and control groups.
The mean biochemical parameters in the study groups following transplantation are listed in Table 1 . No statistically significant difference was present in these variables at the time intervals examined. Number of human leukocyte antigen (HLA) mismatches (1.5 AE 1.4 vs 1.8 AE 1.1) and presence of acute rejection (26.3% vs 28.9%) were also similar. We did not evaluate the protein C, S and antithrombin III levels of our patients.
Two patients in the AVN group and six patients in the control group were on tacrolimus treatment. Table 2 summarizes the cumulative doses of steroids and CsA in the AVN group and controls. No difference was observed in these parameters between the two groups.
When thrombophilia was evaluated, in the patients with AVN, a total of eight patients (42.1%) were identified to have factor V Leiden (six patients) or prothrombin G20210A mutation (two patients). In the control group, there were three patients with factor V Leiden (7.9%), while no patient had prothrombin G20210A mutation (Table 3) .
Discussion
In this study, in order to investigate whether thrombophilia can be a risk factor for development of AVN after kidney transplantation, we tested factor V Leiden and prothrombin gene mutations in our patients. We found that these mutations seem to be an important risk factor for the development of AVN of the femoral head in kidney allograft recipients. AVN is a rare complication in kidney allograft recipients; the reported incidence in recent series ranges from 3 to 16% [4, 5] . The incidence in our patients was 7.8%. Corticosteroids probably play a central role in AVN of bone in transplant recipients, but how they exert this effect remains uncertain. It has been suggested that the fat emboli secondary to hypercortisolism lodge in subchondral bone, causing vascular occlusion and bone death. Conflicting reports have been published of correlations between the total dose of steroid administered and the development of AVN, with positive correlations found by some investigators [6, 7] but not by others [8] . Although the pathology of steroid-induced AVN is controversial and has not been clarified, it is believed that rapid ischaemic change occurs ultimately in the femoral bone, which is followed by AVN. Some studies have reported a decrease in the incidence of AVN after the introduction of CsA [9, 10] . This might be due to decreased rejection episodes and lower steroid administration under the CsA treatment. In our study, the total dose of steroid and CsA at 3 months post transplantation and at the time of AVN did not differ between the groups. Also, the mean number of pulse steroid therapies received was not higher in patients with AVN. The potential association of immunosuppressive medications other than steroids with AVN is more controversial. In particular, CsA and tacrolimus have been identified to be associated with a higher risk of AVN in some [11, 12] , but not all, reports from the literature [13] . Abbott et al. [12] using the US Renal Data System database, studied 27 772 kidney allograft recipients to assess the risk of AVN under the different maintenance immunosuppressive medications. In this study, AVN was significantly more common in the CsA group in comparison with other drug groups. Sakai et al. [11] in their study reported that AVN was significantly higher in kidney allograft recipients who were treated with CsA in comparison with those treated with tacrolimus. The dose of steroid and calcineurin inhibitors were similar between the groups; however, it is obvious that this cannot exclude the pathophysiological importance of both the drugs in development of AVN in this study. We suggest that genetic thrombophilia can act together with acquired risk factors, such as steroids and calcineurin inhibitors, to induce AVN.
Anomalies in the coagulation and fibrinolytic systems at the onset of AVN have been evaluated previously [14, 15] . Recent reports by Glueck et al. [2] have suggested that inherited thrombophilia (activated protein C resistance, deficiency of proteins C and S) may be associated with thrombosis of the vessels of the proximal femur and lead to necrosis of the epiphysis. In one report, the heterozygosity for factor V Leiden mutation (4.9% in patients, 0.7% in controls) seemed to be associated with the development of Perthes disease (AVN of the femoral head in childhood) [1] . However, other investigators could not prove the role of thrombophilia in the aetiology in the development of AVN [16, 17] . SLE and sickle cell disease are the reported diseases in which AVN seems to be associated with thrombophilia including factor V Leiden and prothrombin gene mutations. Although both mutations have been evaluated as risk factors for early and long-term allograft function in kidney recipients [18, 19] , no association with AVN has been studied in these patients. Heterozygosity for the factor V Leiden mutation predisposed renal allograft recipients to venous thromboembolic complications, graft perfusion defects, acute rejection and early transplant loss [18, 19] . The prevalence of factor V Leiden mutation was not different in end-stage renal failure patients and a normal population. It was found to be 4% in kidney allograft recipients [19, 20] . Similarly, the prothrombin gene mutation was found to be a risk factor for thrombotic complications both on haemodialysis and after renal transplantation; however, these were case reports and there was insufficient data. In our study, while the patients with AVN had significantly higher Avascular necrosis and thrombophilia in kidney recipientsfrequency of thrombophilia, acute rejection episodes and allograft function appeared to be the same in both groups. Furthermore, we did not find any previous history of venous thromboembolism in our patients with or without thrombophilia. However, it should be borne in mind that the patients with thrombophilia might develop early allograft loss due to thromboembolism or severe acute rejection. These patients naturally could not develop AVN and they were not involved in the study. The importance of abnormal mineral metabolism in the pathogenesis of AVN is based on the observation of patients undergoing dialysis, mostly with hyperparathyroidism, who develop AVN in the absence of steroids. Although duration of dialysis, serum calcium, phosphorus and alkaline phosphatase levels were not different between the groups in our study, lack of parathyroid hormone level monitoring and the relatively small number of patients were the limitations of our study.
Further studies should focus on proving the role of haemostatic alterations in the pathogenesis of AVN and, especially, the role of thrombophilia in AVN. The rationale and potential for using antithrombotic and anticoagulant drugs in order to prevent or slow the process of AVN have not been clarified and this is an issue to be addressed in future trials.
